T he relative incidence of acral lentiginous melanoma appears much less in whites than in Japanese [1].
The preponderance of malignant melanomas that occur in the Japanese population affect the palmar and plantar areas, in contrast to those of whites, which occur predominantly on the head, neck, and trunk. Furthermore, a precursor lesion, the dysplastic nevus, has been well defined in nonacral white skin but not in the Japanese. In this paper, a similarity be tween benign and atypical acral nevomelanocytic prolifera tions in Japanese and whites is described. However, it appears T he relative incidence of acral lentiginous melanoma appears much less in whites than in Japanese [1] .
However, in both groups, deeply invasive malignant melanoma is associated with a high risk for metastasis, and the early diagnosis of malignant melanoma may result in a better prognosis. To identify any morphologic features that may, in the future, be evaluated in order to determine whether or not they have any epidemiologic and/or prognostic significance, a study of nevi and malignant melanoma from Japanese was under taken utilizing cases from the consultative practice of one of us (MCM) between 1977 and 1987. These cases from Japanese pa tients were compared and contrasted with benign, atypical and ma lignant nevomelanocytic lesions in whites.
Acral lentiginous melanoma in Japanese and whites is an example of a lentiginous melanocytic proliferation that has evolved into an invasive malignant melanoma. Lentiginous melanocytic prolifera tions, in our view, describes an increased number of nevomela nocytes singly dispersed along the dermal-epidermal junction, whether or not there is epidermal hyperplasia. As a point of refer ence and in order to better understand the features of these lesions, the more common types of lentiginous melanocytic proliferations in whites will be reviewed. These include lentigo, the dysplastic nevus, and lentigo maligna.
Lentigo Simplex Lentigo, or so-called lentigo simplex, is a uni formly colored, well-demarcated, tan to dark brown, round to ovoid lesion. It is usually 5 mm in diameter and occurs anywhere on the body surface, including mucosa. Histologically, it has uniform elon gation of the rete ridges of the epidermis along with increased ketratinocytic pigmentation as well as proliferation of the nevome lanocytes along the dermal-epidermal junction that sometimes forms nests at the tips of the rete ridges [2, 3] . This clinicopathologic type of lesion has also been described in the Japanese population.
Dysplastic Nevus The dysplastic nevus is a clinical and patho logic entity that is associated with a familial tendency to develop dysplastic nevi and malignant melanoma. Clinically, these lesions Reprint requests to: Martin C. Mihm,]r., M.D., Dermatopathology Divi sion, Massachusetts General Hospital, Boston, MA 02114.
that in the Japanese group the melanocytes in benign and atypical proliferations are less dendritic than those noted in whites, and, in both groups, extensive pigmentation was noted in both the epidermal and dermal components of be nign and malignant lesions in this limited review. A practical approach to classifications of atypism is, likewise, offered. ]
have a mottled, slightly irregular color along with irregular, poorly demarcated borders, and they are often associated with a preexist ing, raised nevus. In addition, there is striking variability from le sion to lesion.
Histologically, the lesions show a constellation of changes. The first is a lentiginous proliferation of atypical nevomelanocytes whether appearing de novo or in association with a preexisting compound or dermal nevus. In the presence of a preexisting nevus, the basilar proliferation of nevomelanocytes must extend greater than three rete ridges beyond the dermal component in order to qualify for the designation of dysplastic nevus. This extension iden tifies the so-called shoulder effect. The intraepidermal nevomela nocytes characteristically are large, ovoid or fusiform cells with ample cytoplasm, prominent nuclei, and obvious nucleoli, whereas the dermal nevomelanocytes are about the size of a lymphocyte with very scant cytoplasm, and uniform round nuclei.
The second criterion involves the epidermal and dermal nests of nevomelanocytes associated with the lentiginous nevomalanocytic hyperplasia. The epidermal nests of nevomelanocytes are dispersed along elongated rete ridges with "bridging" of nevomelanocytes between rete ridges, and the dermal nevomelanocytes are more typically seen as sheets of cells rather than discretely grouped nests.
The third criterion involves a constellation of stromal changes. These changes include lamellar fibroplasia and/or concentric eosin ophilic fibrosis about the elongated rete ridges. There is also in creased vascularity, a dermal mononuclear cell inflammatory infil trate, and, often, numerous melanophages in the dermis [4] [5] [6] [7] .
Lentigo Maligna This irregularly pigmented macular lesion of the elderly occurs exclusively in sun-exposed areas. It has varied color that includes tan, brown, and even dark brown/black. Some times there are areas of depigmentation at sites of spontaneous re gression. When raised areas occur, invasive malignant melanoma has supervened [8, 9] .
Histologically the lesions show atrophy of the epidermis along with a proliferation of strikingly pleomorphic nevomelanocytes along the basilar region of the epidermis with extension down the external root sheath of hair follicles and eccrine ducts. The pleo morphism of nevomelanocytes, especially in the earlier lesions, is very reminiscent of the lentiginous melanocytic hyperplasia seen in 0022-202X/89/S03.50 Copyright ©1989 by The Society for Investigative Dermatology, Inc.
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dysplastic nevi. Over time, the atypicality of the nevomelanocytes becomes more striking, and nests of atypical cells usually form prior to invasion into the dermis [9 -11] .
Lentiginous proliferations of nevomelanocytes then have the fol lowing features in common: 1) basilar proliferations of nevomela nocytes; 2) epidermal hyperplasia with the exception of lentigo maligna; and 3) extension along the basilar region of hair follicles and eccrine ducts.
MATERIALS AND METHODS
The consultative experience of one of us (M.C.M), who has been a visting lecturer and consultant in Japan for the last 10 years, serves as the basis for this study. In this period of time, numerous cases of melanoma and nevi have been reviewed. The majority of the mela noma cases were from acral skin; however, nonacral lesions, includ ing a borderline lesion from the scalp and three vulvar melanomas were also reviewed. The benign nevi were of various types, includ ing acquired nevi, blue and cellular blue nevi, spindle cell nevi, and congenital nevi. Clinical photographs were obtained from Dr. K. Toda of Tokyo Teishin Hospital. The specific histologic findings and photomicrographs of this study were derived from a review of five cases of acral lentiginous melanomas and four cases of acral nevi in Japanese patients of the Tokyo Teishin Hospital clinic. Cases of white malignant melanoma and benign nevomelanocy tic lesions were obtained from the consultative practice of one of us (MCM) and from the files of the Massachusetts General Hospital's Pigmented Lesion Clinic and the Department of Pathology.
RESULTS

Acral Nevomelanocytic Proliferations in Japanese with
Comparison to Whites There is a striking similarity between acral nevomelanocytic lesions in whites and Japanese. These simi larities allow for a classification of these lesions that may serve as a basis for identifying a heritable lesion as well as for evaluating pathogenesis of acral malignant melanomas arising in both of these groups. This discussion will include a description of benign, atypi cal, and fully evolved malignant lesions in the Japanese as well as a brief description regarding the histologic similarity of acral lesions in whites.
Benign Melanocytic Hyperplasia
Clinical: This group of nevomelanocytic lesions, which arise on the palms and soles, are macular, and are usually uniformly tan to dark brown and have sharply demarcated borders. They may vary in size from a few millimeters to 1 or more centimeters in maximum diameter.
Histology: There is focal or contiguous proliferation of singly dis persed nevomelanocytes along the dermal-epidermal junction and, in some cases, the cells are seen in the malpighian layer. The nevo melanocytes usually appear slightly larger than normal nevomela nocytes, with increased cytoplasm and nuclei which have evenly dispersed chromatin. They predominantly have a round to ovoid shape. Pigmentation may be fine granular and scant. In some cases, there may be clusters of melanophages in the dermis.
Commentary: Some of these lesions histologically resemble lentigo simplex and the changes of benign melanocytic hyperplasias inJap anese and whites appear similar. In others, there are non-lentigo like nevomelanocytic hyperplasias without epidermal hyperplasia. Whether such lesions have any relationship to subsequent neoplas tic evolution is not known at this time.
Junctional Nevus
Clinical: Junctional nevi appear to be slightly raised lesions with rather well-defined borders. The pigment may be uniform tan to brown or there may be mottled pigmentation with punctate hyper pigmentation. In some cases, when covered with mineral oil, the pigment along skin markings may be more prominent. The size may vary from a few millimeters to centimeters, depending on whether the lesion is acquired or congenital, respectively.
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Histology: Characteristically, there are very discretely formed nests of nevomelanocytes at the tips of the rete ridges. The cells of junc tional nevi have a very distinctive appearance. They are fusiform or round and have small dendritic processes. The cytoplasm is pale gray and the cells have ovoid nuclei with tiny dot-like nucleoli. The cells comprising the nests are loosely cohesive. There is usually a clear zone around the nests, and the short, stubby dendrites emanate toward the surrounding keratinocytes. Melanin granules within these cells are usually coarse and clumped.
At times, single nevomelanocytes proliferate between the nests. These cells resemble those seen in benign nevomelanocytic hyper plasias. In such cases, the lesions are designated lentiginous junc tional nevi.
One very important feature of the benign junctional nevi is that there are no stromal changes nor is there increased vascularity as seen in atypical nevomelanocytic lesions.
Commentary: Acral junctional nevi, whether they are lentiginous or not, are similar in both Japanese and whites. The size of the nevi in both groups appears to be dependent on whether they are congenital or acquired.
Congenital Nevi
Clinical: Congenital nevi may vary in size from a few millimeters to several centimeters to as large as covering the entire body.
Histology: They may have the architecture of junctional, com pound, or dermal nevi with type B, Spitz, or blue nevus cells. In the case of a compound congenital nevus, the overlyingjunctional com ponent usually has prominent lentiginous nevomelanocytic hyper plasia with varying amounts of stromal changes in the dermis. The latter may include lamellar fibroplasia or concentric eosinophilic fibrosis as seen in dysplastic nevi.
The dermal nevomelanocytes may be confined to the papillary dermis as in acquired nevi or may also be present in the lower two-thirds of the dermis as well as in the subcutaneous fat. The latter change is rather sensitive, yet not fully specific, for congenital nevI.
Commentary: Congenital nevi in both whites and Japanese are identical upon our examination.
Atypical Melanocytic Hyperplasia
Clinical: Atypical melanocytic hyperplasias are macular, tan to dark brown lesions that, in some cases, have punctate blue-black hyper pigmentation and irregular borders as a result of increased pigmen tation in the skin markings that goes beyond the borders of the lesion. The size is variable from several millimeters to centimeters.
Histology: Gradation of melanocytic atypism characterized the his tologic picture of atypical melanocytic hyperplasia (Fig 1) . The gradient included a spectrum from benign or slightly atypical me lanocytic hyperplasia at one end to severe atypism or fully evolved melanoma cells at the other. The spectral change observed in a given section or series of sections was an apparent progression from the edges of the lesion where the more benign cells were seen, to either the center or another point within the lesion where the more highly atypical changes were evident. In lesions with slight to mod erately atypical cells, they were scattered among normal cells and, as the severity of individual cells increased, not only did the dendrites become more prominent, but the degree of atypism of the sur rounding cells also became more marked. There is not a confluent pattern of individual nevomelanocytes in the basal layer , but rather a more haphazard, irregularly dispersed proliferation of nevomelano cytes that centrally may be confluent and may be associated with foci of pagetoid spread of cells. The fully evolved malignant mela noma, when arising in such a lesion, may be of the acral lentiginous type, which is associated with a more prominent lateral basilar pro liferation of individual, atypical, dendritic nevomelanocytes or of the superficial spreading type with prominent pagetoid spread of cells in the radial growth phase. These changes are not associated with a stromal response. ..
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Figure L Atypical melanocytic hyperplasia of the sole of the foot. Pleo morphism in nevomelanocytes is striking, with moderate to severely atypi cal cells. The latter are the size of intraspinous keratinocytes. In the dermis, there is scant chronic inflammation, but no stromal changes (H&E, X313).
Commentary: In our experience, this form of atypical melanocytic hyperplasia is much less common than the atypical acral junctional nevus that resembles the dysplastic nevus. Interestingly, either pat tern, lentiginous or pagetoid, may occur on the dorsa of the hands or feet as well as on the palmar and plantar surfaces.
Atypical Lentiginous Junctional or Compound Nevus
Clinical: The atypical proliferative junctional lesion is typically flat, although it may be raised in the case of a compound nevus. The central pigmentation may be uniform or, more commonly, varie gated tan to dark brown (Fig 2) .
Histology: The striking feature of this type of lesion is the irregular proliferation of the cells, both singly and in nests (Fig 3) . These features result in a somewhat haphazard architectural appearance, especially with regard to the arrangement of nests of cells, which is evident on low and medium power examination. Likewise, there is fusion of nests of nevomelanocytes between rete ridges. On high power examination, there is cellular pleomorphism and quite strik ing individual cellular atypism which includes irregular nuclear contour, variable size, and unevenly dispersed chromatin as well as irregularly dispersed pigment granules in the cytoplasm. As seen in atypical nevomelanocytic hyperplasias, the earliest lesions have slight to moderately atypical cells individually dispersed among benign nevomelanocytes. As atypism of individual cells increases, so does that of the surrounding cells. In addition, in severely atypical lesions, the most atypical cells seem to aggregate in one focus. Like wise, the cells that populate the junctional nests have the same spectrum of atypism. A benign dermal nevic component may be present.
Of note is the finding that the dendrites, which are always present in nevomelanocytes of acral nevi, become more prominent and more pigmented as the lesion becomes more atypical.
Stromal changes include lamellar fibroplasia and/or concentric eosinophilic fibrosis as well as a chronic inflammatory cell infiltrate (Fig 4) .
Commentary: The changes seen in atypical acral nevi in both Japa nese and whites closely resemble those seen in nonacral dysplastic nevi in whites. However, in the Japanese patients, the architectural and cytologic features of the nested and individually dispersed ne vomelanocytes as well as the stromal changes are more prominent than in similar acral lesions in whites in this limited review.
Acral Lentiginous Malignant Melanoma
Clinical: Acral lentiginous malignant melanoma is a flat or slightly raised lesion with irregular borders characteristic of radial growth phase that may or may not be sharply demarcated. These lesions usually have dark brown/black mottled pigmentation. The appear- There is "bridging" of nests between rete ridges. There is stromal condensa tion and prominent vessels beneath the fused rete ridges along with slight chronic int1ammation (H&E, X200).
ance of a nodule is usually associated with the supervention of the vertical growth phase (Fig 5) .
Histolo gy : The radial growth phase exhibits prominent basilar pro liferation of malignant nevomelanocytes which have a variable amount of pleomorphism along its length (Fig 6) . In our experi ence, the nevomelanocytes have less pigmentation and less promi nent dendrites as well as less pagetoid spread of nevomelanocytes in the Japanese as compared to those lesions seen in whites. In addi tion, in both groups there is diminished dendricity of the intraepi dermal nevomelanocytes overlying the vertical growth phase.
The expansile nodule of the vertical growth phase with a deep invasion into the reticular dermis and subcutaneous fat may exhibit a variety of cell types as well as desmoplastic reaction. Also, monstro cellular (very large cells), as well as sarcomatous vertical growth phases, may be observed. In addition, there may be proliferation along eccrine ducts and, in certain cases, the malignant cells may extend laterally from the appendages into the reticular dermis and fat.
Commentary: While there was overlap in the acral melanomas in Japanese and white patients, there were three notable exceptions based on this limited study. In the Japanese patients, there was 1) less cellular pigmentation, 2) less obvious dendritic processes per cell in the histologic sections from the Japanese patients, and 3) less page toid spread. However, in both groups, the dendricity was more associated with precursor lesions or radial growth phase of the ma lignant melanoma, but was less prominent in association with the vertical growth phase.
DISCUSSION
In this comparative study of benign and malignant acral lesions from Japanese and whites, there was a great deal of similarity histo logically, while the clinical incidence was much greater in the Japa nese population [1] . Benign acquired and congenital nevi had simi lar nevomelanocytic changes. In this limited review of Japanese cases, a well-developed stromal response was noted in the acral lesions, similar to the changes that are a feature of the dysplastic nevus seen in nonacral white skin. However, this stromal response was not as striking in the white atypical acral lesions reviewed.
The morphology of the ncvomelanocytic nuclei and the cell cy toplasm, whether benign or atypical, is similar in both Japanese and white acral lesions and, in both groups, there is almost total confine ment of the cells to the basal layer. Worthy of emphasis is the observation that the intraepidermal plemorphic population of ne vomclanocytes in atypical lentiginous junctional and compound nevi in Japanese was remarkably similar to the intraepithelial popu lation of cells in dysplastic nevi in whites.
Of note is the fact that there are differences between these two groups, one of which is the less apparent pagetoid spread of cells in certain of the Japanese melanoma cases as compared to whites. Also, the prominence of pigment-laden dendrites appeared less in the Japanese group of melanomas than in whites. This observation ap plied both to the atypical hyperplasias as well as to fully evolved melanoma. Furthermore, there was less pigmentation in the Japa nese cases.
Grading Atypism On the basis of both the limited experience with Japanese lesions and the much more extensive experience with white nevomelancytic lesions and atypical melanocytic hyperpla sias, we will propose a semiquantitative approach to grading mela nocytic atypism with the reference point being normal keratino cytes within the given tissue section. This approach insures relative uniformity because it avoids any variation in cell size that may be affected by fixation artifact.
A normal nevomelanocyte has a nucleus that is 50% -60% the size of a basal keratinocyte nucleus, and the cell itself equals the size of a mid-spinous layer keratinocyte nucleus. In a slightly atypical cell, the nucleus is larger and equals the size of a basal layer keratino cyte nucleus. In addition, the entire cell is slightly greater than the size of a mid-spinous layer keratinocyte nucleus. In moderately Figure 6 . Acral lentiginous melanoma. Fully evolved malignant nevome lanocytes at the dermal-epidermal junction with some variation in size. They are, overall, larger than the nucleus of the mid-spinous keratinocyte (H&E, X313).
atypical cells, the nucleus is approximately 1.5 times the size of a basal layer keratinocyte nucleus and the melanocyte nucleus is more hyperchromatic than in slight atypism, while the entire cell is 1.5 times the size of the mid-spinous layer keratinocyte nucleus. Fi nally, in the spectrum of severe atypism to a fully evolved malignant melanoma cell, the nucleus may be 1 -2 times the size of a basal layer keratinocyte nucleus, and the cell itself may be much larger than the size of a mid-spinous keratinocyte nucleus (Fig 6) . In addi tion to the increasing size of the nucleus and the entire cell, along the spectrum of atypism from benign to malignant, the nucleus becomes more hyperchromatic and the nuclear contour becomes more irregular.
Malignant Melanoma In Situ Malignant melanoma in situ is more easily thought of as the radial growth phase of a nonacral superficial spreading malignant melanoma without evidence of in vasion into the dermis. The cellular and architectural features in clude 1) uniform atypism of cells with cytologically fully evolved malignant melanoma cells, 2) a contiguous disposition of malignant nevomelanocytes along the dermal-epidermal junction with re placement of two or more basal layer cells and/or pagetoid spread of malignant melanoma cells singly or in nests throughout the epi dermis. However, pagetoid spread of cells through the epidermis is not sufficient for a diagnosis of malignant melanoma in situ if the cells themselves are not fully evolved malignant melanoma cells.
With regard to acral melanoma in situ, there must be uniformly atypical, fully evolved cells. These cells are usually contiguously dispersed along the dermal-epidermal junction. Pagetoid spread is not a prerequisite.
Vertical Growth Phase Two significant aspects of the vertical growth phase in an acral lentiginous malignant melanoma, whether THE JOURNAL OF INVESTIGATIVE DERMATOLOGY in a Japanese or white patient, are 1) the involvement of appendages and the invasion from this site, and 2) the sarcomatous variants of acral lentiginous malignant melanoma. Acral lentiginous malignant melanoma in both groups of patients may involve eccrine ducts and have its vertical growth phase take origin from the ducts. This proliferative feature can be so prominent that a highly aggressive, deeply invasive lesion may not have any evidence of an epidermal origin, but only of its origin in the deep dermal ducts. Rarely, a deeply invasive malignant melanoma of ductal origin with invasion into the reticular dermis and subcutaneous fat will present as a clini cally flat or, at most, a slightly raised area of hyperpigmentation.
The second feature of the vertical growth phase is the varied appearance of some of the spindle cell lesions, with desmoplastic stroma and monstrocellular tumors. At times, especially if the lesion has a large ulcer, no epidermal origin may be found. In such a case, one must do appropriate immunoperoxidase staining which would include S-100 protein, Vimentin, and Cytokeratins in order to identify the true nature of the lesion.
Nodular Melanoma
Maligllarzt melarzoma without a radial growth phase: Nodular mela noma does occur on the palms and soles in both the Japanese and whites. However, before making this diagnosis, one must carefully evaluate the clinical lesion, the gross specimen, and multiple sec tions of the tumor periphery to search for a radial growth phase. Otherwise, lesions will be misdiagnosed as nodular melanoma.
CONCLUSION
For this report, we have reviewed a series of cases of acral lenti ginous melanocytic proliferations in whites and Japanese. With some exceptions, a similar spectrum of change is present in palmar and plantar skin lesions in both groups. Further study is needed to validate these observations based upon a limited series of cases.
